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All India Network Project on Soil Biodiversity-Biof ertilizers 
 

 

Mandate 

To enhance the productivity, soil and crop quality and supplement a part of the chemical fertilizer 

needs of crops through exploiting the soil biodiversity extant, for Biofertilizers in diverse 

cropping systems and agro-ecological zones in India, improve Biofertilizer technology and  

extend the Biofertilizer applications to disadvantaged areas.   

 

Objectives 

1.  To exploit the soil biodiversity in various agro-ecologies for biofertilizer applications in 
diverse cropping systems. 

 
2.  To study the impact of soil management practices on functional diversity of microorganisms 

involved in key microbial functions and soil health using genomic tools. 
 
3.   Formulation and testing of mixed biofertilizers in diverse cropping systems. 
 
4.   To improve biofertilizer technology with particular reference to quality, carriers, consortia 

and delivery systems. 
 
5.  To diversify biofertilizer research and application in drylands, mountainous regions, tribal 

areas and other underexplored ecosystems. 
        
 6.  Research-Adoption-Impact continuum analysis of Biofertilizer usage  
 
 
Main Thrust Areas for XI Plan  
 

·  Genetic Diversity of Rhizobia 

·  Soil Genomics for Soil Health Assessment 

·  Microbial Diversity and Biofertilizers in Eastern India. 

 
Budget:  Rs. 754.62 lakhs



SUMMARY OF RESEARCH ACHIEVEMENTS   

 

1. Major Programme on “Genetic Diversity of Rhizobia of Indian Soils” launched. 830 

rhizobial strains of 20 major legumes isolated and characterized. Work on 16s rDNA 

diversity in progress. 

2. Major programme on “Soil Genomics” for assessing structural and functional diversity 

of microorganisms in various soils (degraded, chemical and organic farming, pesticides 

pollution) launched. Clonal libraries of 16s rDNA and nif H, amoA  sequenced 

for diversity analysis. 

3. Microbial Diversity of submerged lands (Diara, Tal) in Eastern India, `Havelis’ lands in 

Madhya Pradesh and in rice soils of NEH region explored and effective strains of 

biofertilizer organisms cultured and deployed. 

4. Mycorrhizal Diversity in upland rice soils in eastern India and of cyanobacteria in 

submerged rice soils (using molecular tools) assessed. 

5. Biofertilizer strains with PGPR activity to withstand abiotic stresses identified.  

6. Bionutrient package for rice in Bihar; soybean and rabi pulses in Madhya Pradesh; 

aerobic rice in Tamilnadu; rice in NEH region; groundnut in Saurashtra; groundnut, 

pigenpea and maize in A.P;, sweet sorghum in Maharashtra; millets, fodder and 

vegetables in Orissa showed improved yields, nutrient savings, improvement in fertilizer 

use efficiency and improvement in quality of produce. 

7. Liquid Biofertilizer Technology and delivery systems of inoculants further refined. 

8. Biocontrol and Biofertilizer agents developed for temperate vegetables and fruit crops. 

9. Front line demonstrations carried out on biofertilizers in tribal areas of Orissa and 

Madhya Pradesh and in resource poor farmers in  Maharashtra, Tamilnadu, Bihar.     

10. Biofertilizer production from effective microbial cultures of the project during 2007-11 

at 5 centres generated revenue of Rs. 234 lakhs, representing 45% return on investment 

of Rs. 492 lakhs in the project during 2007-11. 



Soil Biodiversity-Biofertilizers Research Progress 

(2007-2011) 
 

 
MICROBIAL DIVERSITY 
 
Microbial Diversity of `Diara’ and ‘Tal’ lands  of IGP in Bihar 
 
Culturable microbial diversity was assessed in the `Diara’ and `Tal` lands of Indo-Gangetic 

Plains- areas that are subject to periodic inundation in monsoon.  The soils were rich in 

Azospirillum and mycorrhizae and poor in Azotobacter populations.  Microbial populations 

(Azotobacter, Azospirillum, VAM, Pseudomonas) were greater in soils where  traditional crop 

varieties, C4 plants (like maize) and nitrogen fixing legumes like pulses are grown or 

intercropping or conservation agriculture is practiced as compared to intensively cultivated mono-

cropped soil. Population reduced appreciably below organic carbon levels of 0.8% and again fell 

drastically in the 0.2-0.4% range. 50 Azospirillum strains were evaluated for nitrogenase activity 

and IAA production and found to be poor in activity. A black pigmented Azospirillum sp. showed 

three to six times higher nitrogenase activity and was effective in promoting plant growth in the 

field. (RAU, Pusa)  

 

 

 

 

  
           Azospirillum                     VAM                    BGA                 Inoculated Rice 
 
 
Microbial Diversity for Biofertilizers in North-Eastern Hills  
 
Efficient cultures of Rhizobium (45 cultures), Azospirillum (18 no.), Azotobacter (21 no.), 

Phosphate solubilizing bacteria (27 no.) and fluorescent pseudomonads (5 no.), total 116 cultures 

from diverse agro climatic zones of NEH region have been isolated and characterized and are 

preserved for use as biofertilizer agents. (AAU, Jorhat) 

 
Diversity of Fungi in Upland Rice in Eastern India   
 
Total spore populations of native arbuscular mycorrhizal fungi (AMF) was higher in favorable 

uplands (bunded) than medium lands under transplanted rice. In `bunded’ uplands Glomus was 

predominant genus (51-80 %) followed by Gigaspora.  The medium lands were predominated by 

Gigaspora (43-51%) followed by Glomus (20-26%) thus indicating greater adaptation of 



Gigaspora to anaerobic conditions.  AMF population (MPN of infective propagules) increased 

during wet season (kharif) and declined during fallow winter and summer season irrespective of 

crop rotations and land situations, The population reached its highest peak by November (post-

kharif) and drastically reduced by February (post-winter) which continued (low population) until 

May (summer). (CRRI, Cuttack)   

 
Molecular  assessment of the establishment of inoculated cyanobacteria in rice soils  
 
Soil microcosm studies using a set of twenty cyanobacterial isolates (from rhizosphere of rice 

varieties and soil samples from diverse agro-ecologies of India) revealed the potential of four 

strains  BF1 Anabaena torulosa, BF2 Nostoc carneum, BF3 Nostoc piscinale and BF4 Anabaena 

doliolum which exhibited significant enhancement in biological nitrogen fixation (measured as 

ARA-acetylene reduction activity), plant growth promoting traits, synergistic interactions,  and 

effective establishment potential. PCR based amplification profiles were generated for the four 

cyanobacterial strains using nine repeat sequence primers. Among them, three primers - STRR 

1a, STRRmod and HIPTG  proved discriminative. A combination of  antibiotic markers, 

carbohydrate utilization patterns and PCR based amplification assays  aided in evaluating the 

establishment of inoculated cyanobacteria in soil.  16SrDNA sequencing of the isolates, followed 

by comparison with sequences of 16s rDNA from soil DNA, combined with amplification 

profiles helped to further establish the superiority of the promising treatment combinations. 

Inoculation saved 25% N for rice and wheat in field experiments and improved the microbial 

parameters (enzymes, ARA, soil chlorophyll). This is a first attempt at evaluating the 

establishment of cyanobacterial inoculants using a combination of agronomic, microbiological 

and DNA based attributes. (IARI, Delhi) 

    
Microbial Diversity of `Haveli’ fields of Madhya Pradesh 
 
Soil microbial populations and biological activity were determined in ‘haveli’ fields (soils 

submerged during monsoon) of Kymore plateau and Satpura hills agroclimatic zone of Madhya 

Pradesh at ten locations in Jabalpur and Narsinghpur districts. Haveli’ fields are a good example 

of rain water management prevalent in deep black soils of M.P. Soils were sampled at four stages 

viz., before submergence, during submergence, after submergence (flowering stage of sown 

legume crop) and after harvest of legume crop. Organic carbon, soil respiration, mineral and total 

N, available P, K, microbial biomass carbon, soil N mineralization, dehydrogenase, acid and 

alkaline phosphatase, and b-D glucosidase were reduced at second stage (i.e. about 20-25 days 

after submergence) as compared to initial stage. All the parameters improved significantly at third 

stage i.e. after release of water from the fields and their cultivation for sowing of rabi crops, due 
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`Haveli field’  

to which the rabi crops (mostly legumes) benefited, resulting in  profuse nodulation in chickpea, 

lentil and pea crops.  Inoculation with indigenous isolates increased the average seeds yields of 

different rabi pulses by 23% while with JNKVV standard inoculant it was 29%. (JNKVV, 

Jabalpur) 

 

Soybean rhizobial dynamics in soybean-wheat cropping  
 
Soybean rhizobial populations ascertained by the most 

probable number method using plant infection. Tests, were 

higher in soybean rhizosphere as compared to wheat. The 

counts increased gradually up to 45 days after sowing in 

soybean and 75 days growth in wheat (i.e. maximum 

vegetative growth) and then declined at harvest. The rhizobial 

counts were more with recommended doses of fertilization 

along with rhizobial inoculation. (JNKVV, Jabalpur) 

 
Microbial Diversity in `high input usage’ Vertisols of A.P. 
 
Four effective groundnut  Bradyrhizobial strains (GNB 702, GNB703, GNB706 & GNB714), 

Five PSB strains of AMT 703, AMT 706, AMT 710, AMT 715 & AMT 721, three cellulose 

decomposers of  CD 701, CD 704 & CD 708,  and three plant growth promoting rhizobacterial 

strains of  PGPR 701, PGPR 703 & PGPR 706 were isolated from vertisols of Andhra Pradesh 

where high fertilizers and pesticides are being used. There were characterized and are being 

deployed for biofertilizer production. (ANGRAU, Amaravathi) 

 
Abiotic Stress Tolerance of Microorganisms 
 
Plant growth promoting rhizobacteria were isolated (24 

Azotobacter, 7 Azospirillum and 3 efficient P-solubilizers) 

from soils of 40 different semiarid and arid locations 

across India and screened for PGPR attributes and abiotic 

stress tolerance (temperature and drought). Seven 

Azotobacter, six Azospirillum and all the three PSB 

isolates could grow at 45oC.  Fourteen Azotobacter isolates, all seven Azospirillum isolates and all 

PSB isolates could grow at matric stress of – 8 bars (media amended with PEG 6000). All the 

isolates were positive for more than one PGP traits like production of IAA (7-73 µg/ml) and GA 

(2566-3000µg/ml), P and Zn solubilization, production of ammonia, HCN, siderophore, ACC 



deaminase and urease activity and antagonism to phytopathogens viz., S. rolfsii, M. phaseolina, 

F. ricinii and R. solani.  (CRIDA, Hyderabad) 

 
Microbial diversity of rhizospheric soils in different cropping systems  
 
The effects of different crop rotations on microbial communities was determined by determining 

microbial populations and BIOLOG assay of their  rhizosphere and non rhizosphere soils of 

pearlmillet-wheat, cotton-wheat, pearlmillet-barley, clusterbean-broccoli, mungbean-mustard + 

kasni, pearlmillet-wheat and pearlmillet + mungbean-wheat + mustard. An increase in the number 

of diazotrophs was observed in the rhizosphere of cotton-wheat, while total bacteria and P-

solubilizers were maximum in pearlmillet + clusterbean - wheat rotation at 30 DAS during kharif 

(summer) and rabi (winter) seasons. A  total of 170 morphotypes were obtained on different 

media. A greater number of morphotypes were obtained during kharif as compared to rabi 

indicating greater culturable diversity. Out 28 different carbon sources tested, 8 were 

underutilized and a maximum number of C sources was utilized by microbial communities of 

cotton– wheat rhizosphere. Cluster analysis based on quantitative and qualitative utilization of a 

carbon source also revealed greater microbial diversity during kharif as compared to rabi.  The 

rhizospheric samples collected after harvest formed a separate sub-cluster from those collected 

before sowing and after one month of sowing. (HAU, Hisar) 

 
Plant growth promoting rhizobacteria for Himalayan Soils 
 
A highly efficient P-solubilizing, IAA and siderophore producing Bacillus circulans effective in 

inhibiting  Dematophora necatrix (causative agent of white root rot of apple) was identified from 

Bharmour, Chamba. A multi-functional, carbendazim tolerant (2000µg/ml) plant growth 

promoting rhizobacterial (PGPR) strain Bacillus subtilis was isolated from tomato seedlings. 

Thirteen promising PGPR isolates (from apple, tomato, cauliflower, Podophyllum, Aconitum and 

Valeriana) were identified using 16s r DNA technique and sequences deposited in NCBI. These 

belonged to Bacillus subtilis (11 no) and one each of Bacillus licheniformis and Aneurinibacillus 

aneurilyticus. (YSPHUT, Solan) 

 
 
Diversity of Rhizobia in Indian soils 
 
Studies on the genetic diversity of rhizobia nodulating 20 major legumes in India are under 

progress.  A total of 830 rhizobial strains nodulating groundnut  (132 no.), Chickpea (60), Pigeon 

pea (288), Cowpea (111), Soybean (44), Black gram (35), Mungbean (51), Pea (23), Lentil (4), 

Faba bean (2), Moth bean (2), Cluster bean (12), Lucerne (15), Berseem (7), Horse gram (12), 



Sesbania (10), Methi (20) have been isolated from the major growing zones and soil types in 

Andhra Pradesh, Madhya Pradesh, Gujarat, Rajasthan, Haryana, Uttar Pradesh and Jharkhand, 

characterized and authenticated by nodulation testing.    

In Andhra Pradesh, isolations have been done in Anantapur, Tandur, Chintapalli, Guntur and 

Jagtial. In famers’ fields in Anantapur and Tandur, Andhra Pradesh, most probable number of 

rhizobia in the soils for cowpea and pigeonpea were < 100 cells/g at 3 and 2 sites respectively, 

100-1000 at 3 and 5 sites and > 1000 at 3 sites each. A total 259 strains of pigeon pea rhizobia 

and 109 strains of cowpea rhizobia were isolated from the nodules. Nodulation studies of isolated 

rhizobia and their PGPR properties are in progress. (CRIDA, Hyderabad) 

Rhizobial isolates of black gram (BLG 93, BLG 95 and BLG 97) used as mixed culture along 

with PSB, gave maximum number of nodules per plant (98 per plant) in field. The individual 

isolates gave 22-28% yield increase whereas the mixed cultures gave 36% grain yield increase 

over control. Some of the blackgram rhizobial isolates exhibited multiple benefits like 

siderophore production and IAA production. (ANGRAU, Amaravathi) 

A total of 290 rhizobial isolates were isolated from nodule samples of Moongbean (Hisar and 

Rewari district), Berseem and Methi (Hisar, Karnal and Sirsa districts), Chickpea (Karnal and 

Sirsa districts) , Lucerne (Sirsa district), Dhaincha (Rewari) and Pea (Hisar and Sirsa). Of these 

50 isolates were of Moongbean crop, 80 isolates were of Berseem, 65 isolates of Methi, 30 each 

of Chickpea and Lucerne and 15 of Pea. Majority of the `berseem’ rhizobia produced indole 

acetic acid (16-170 ug/ml.) None of the isolate showed P-solubilization or siderophore 

production. (HAU, Hisar) 

 
MPN counts of rhizobia varied from 81-2030 rhizobia /g soil in `berseem’ fields, while in 

`methi’, it ranged from 630-1410 rhizobia/g soil. In moong bean crop, maximum number of 1410 

rhizobia/g soil were observed in pulses field of HAU, while in dry land fields the MPN count was 

minimum, which was 600 rhizobia/g soil. Likewise in chickpea and lucerne fields, the MPN 

count was in the range of 910-1350 rhizobia/g soil. The MPN count of pea field samples ranged 

from 10-1410 rhizobia/g soil. (HAU, Hisar) 

 

Fifty one rhizobial isolates were made from chickpea, cluster bean, horse gram and mothbean 

grown in Rajasthan; and pea and pigeonpea in U.P. There was very weak or no growth of 

rhizobial cultures at 45 0C. All rhizobial cultures were able to grow up to 5% NaCl conc. No 

rhizobial culture was able to grow at pH 4 or at 10. (MPUAT, Udaipur) 



 
Of the 127 isolates of groundnut rhizobia assessed in the Saurashtra region of Gujarat for 

presence of nif and nod gene functions (PCR and nodulation test under sterile conditions),  

seventy-three were found to have both nif and nod functions. 16S rDNA of all the nif+nod+ 

isolates have been isolated for sequencing. (DGR, Junagarh) 

 
 
 
 
 
 
 
 
 
 
 
 
PCR amplification of nifH  (amplicon size 360 nt) of groundnut rhizobia; M = 100 bp marker 
 
 

Nine groundnut bradyrhizobial strains were isolated from farmers fields of Kareemnagar, Chittor,  

and Ananthapuram districts of Andhra Pradesh. (ANGRAU, Amaravathi) 

 
Soil samplings from highly acidic sites in Jharkhand for major legumes were made and 116 

rhizobial strains were isolated These are being analyzed by “Proteomic” tools aimed at 

understanding the differences between acid-tolerant and acid-sensitive isolates across various 

crops to yield information on control points at the “Proteome” level which is crucial towards the 

understanding of the factors/genes which impart selective acid tolerance and efficiency in the 

isolates, information that is of potential use in quick screening for acid tolerant rhizobial strains. 

(BAU, Ranchi) 

 
 
SOIL GENOMICS 
  
In an effort to assess the structural and functional diversity of microorganisms  in different land 

management systems and to develop genomic soil health indicators; soils under organic 

management, organic farming and pesticide polluted soils were analyzed.  

 
Organic Management 
 
In a 100 year old permanent manurial trial, the organic manured soil had higher organic C, N, 

total culturable bacteria, fungi and diazotrophs than the one in which only chemical inputs (100% 

������  



NPK) were added. The physico-chemical and nutrient status of the soil was not dramatically 

changed due to long-term influence. The soil enzymes assayed for the treatments revealed that 

acid and alkaline phosphatase, urease and dehydrogenase were significantly higher in OF soils 

than CF soils.  The asparaginase activity was higher in CF soil than other two soils. Differences 

in molecular level diversity of bacterial communities in both the soils was done by soil genome 

analysis. The V1 + V2 domain of 16S rRNA with a size of about 335 bp was amplified by PCR 

and further cloned in E. coli. The variability between the organic farming soil and chemical 

fertilizer applied soil is higher in the V1 + V2 domain. The transformants obtained are under 

screening for variability and will be analysed through DGGE (TNAU, Coimbatore) 

 
Organic Farming, Soil Degradation 
 
 
Investigations on species diversity (number of different species) and richness (relative abundance 

of each species) in soils receiving different agronomic practices; forest soil, organic farming soil 

and degraded soil were undertaken. DNA of sufficiently high concentration ranging from 300-

700 ng/ml of high molecular weight (without smear) was obtained. The V3 region of 16srRNA 

was amplified from soils in Karnataka and Rajasthan: organic cropping soil, conventional 

cropping soil, organic orchard soil, conventional orchard soils and 70 different organic farm soils 

by using pRUN338 and pBRA518 primer and the amplicons subjected to DGGE analysis. Most 

of the bands, each of which is expected to be one Operational Taxonomic Unit (OTU) were 

common to all the samples. However, few prominent bands unique to particular sample were also 

obtained. Further elution, cloning and sequencing of these bands will reveal the species diversity 

and richness in particular sample.  

 

Simultaneously, 16srRNA library was constructed from organic farm soil, degraded soil and 

forest soil by using universal 16srRNA primer, which amplifies all the variable and conserved 

regions of 16srRNA. 17 random clones from each sample were sequenced using M13 primer. The 

raw sequence were processed to remove vector contamination and fed to seqmatch option in 

Ribosomal Database Project to identify and classify the unknown microbes. All the three soil type 

was found to be rich in Gamma Proteobacterium. However, in case of organic farm soil, 

uncultured compost bacterium and Alpha Proteobacteria belonging to uncultured having 

homology to Bradyrhizobium sp., Acidobacterium, Actinobacteria, Planctomycetes were 

obtained, whereas in degraded soil, clones matched to g proteobacteia and  Parabacteriod sp.  

 



 01  02  03  04  05  06  07   M  08  09  10  11  12  13  15  M  16   17  18  19  20  21  22 

23  24  25  26  27  28  29   M  30  31  32  33  34  35  36   M   37  38  39  40  41  42  43 

To develop the biological indicators for defining soil health, the marker genes of beneficial 

organism or the genes involved in suppression of pathogen or pathogenic product were targeted. 

The soil samples were screened for the presence of beneficial microbes by PCR amplification of 

their specific gene or the genes involved in the synthesis of biomolecule or the compound. 

Conditions were optimized for amplification of nifH and Acaulosporaceae and Gigasporaceae 

specific 18srRNA genes.   

 

This information obtained herein will help to identify presence/absence of beneficial organisms or 

their products in particular soil. Further, real time PCR analysis of these specific genes will give 

relative abundance of these organisms/their products and help identify parameters that can be 

used as soil health indicators. (UAS, Dharwad) 

 

 

 
 

 

 

 

 

 

 
 

PCR amplification with full length universal 16S r-DNA primers 

 
 
Pesticide Pollution 
 
Genetic analysis soils of farms regularly using high quantities of pesticides in Guntur District; 

Andhra Pradesh was carried out through detection and cloning of functional marker genes that 

can give an outline of the effect on diversity of the region. Clonal library of 16S rRNA gene from 

each soil sample of black gram and chilly field was constructed and around 150 clones each were 

obtained. The protocols for amplification of nifH and amoA gene were standardized.  

Clones from soil samples BG1 (unpolluted) and BG2 (polluted) were sequenced for the 16S 

rRNA and nifH gene. For initial study, only 50 clones from each were randomly selected for 

sequencing and were analyzed phylogenetically. With 16S rRNA, at the control site (BG1), 

genotypes for Actinobacterium, Mycobacterium chlofexium, Anaerolinium, Acetobacterium and 

Sphingobacterium were present, whereas at the polluted site (BG2) Choroflexi, Rubrobacter, 

M- 100 bp DNA size marker 
44-72: Organic farm soils from  
           Karnataka 
Amplicon size: approx. 470 bp 

44  45  46  47  48   49  50  M  51  52  53  54  55  56a 56b  M  57  58  59  60  61  62  63 

64  65  66  67  68  69  70   M  71  72   



Actinobacterium, Verrucomicrobium, Nocardia, Streptomyces, Paenibacillus, Acidobacterium, 

Balneimonas and Sphingobacterium. Out of 50, majority 

belonged to uncultured nitrogen fixing bacteria, one genotype 

of Bradyrhizobium, Azospirillium and Sinorhizobium, two for 

Amorphomonas and Rhizobium. For the polluted sample 

(BG2), apart from uncultured bacteria, genotype for 

Bradyrhizobium, Anearomyxobacter, Burkholderia, 

Desulfovibrio, Azospirillium, Dechloromonas, Azohydromonas 

and Anabena were found. The differences detected indicate a 

shift and enrichment of different population of bacterial species. It is likely that these now harbors 

the pesticide degrading genes. Sequencing of more clones is required for complete analysis and 

comparison for the effect of pesticide pollution. (Delhi Univ., Delhi) 

 

 
 
 
 
 
 
 
 

 

 

 
 
Bacterial Diversity -16S rRNA gene sequencing 
 
 
 
MIXED BIOFERTILIZERS  
 
Mixed biofertilizers (BIOMIX) containing a consortium of  N fixers, P solubilisers and PGPR 

found to promote the growth of cereals, legumes and oilseeds  better and save 25% NP fertilizers 

in crops. Response was better and there was 50% nutrient substitution in crops like rice and 

legumes depending upon soil type and yield level. The response of biofertilizers was better when 

used along with 75% chemical fertilizers and was seen even when full dose of chemical fertilizers 

were applied. There was clear improvement in nutrient use efficiency and quality of produce 

when biofertilizers were applied.  

1 2 3 4 5 
BG1 BG2 CH1 CH2 

Amplified product    
Size 1.5 kb)  

nif  H amplification 



 
Bionutrient package for Rice in Bihar 
 
An economic and sustainable bio-nutrient package having microbes as major partner was 

formulated for rice in Bihar and tested on farmers fields. This includes application of mycostraw 

enriched with PGPR (Pseudomonas sp.) during puddling @ 1 t ha-1, dipping of the rice seedlings 

in Azospirillum liquid culture before transplanting and application of dry mixed tobacco waste 

based cyanobacterial biofertilizer @ 1 kg ha-1 (with the further addition of 20 kg ha-1 tobacco 

waste in cyanobacteria fertilized plots having problem of cyanobacterial grazers). Enriched 

mycostraw was significantly superior in major and micronutrient content than paddy straw. 1 kg 

paddy straw after recycling gave 450g mycostraw besides harvest of 700g mushroom. Inoculation 

increased the colonization of root by Azospirillum, and gave higher ARA activity of rice roots and 

of phototrophic nitrogen fixers in vivo. Bionutrient package application resulted significant 

increase in (four year experimentation) grain and straw yield (8-20%), saved 50% NPK, 

improved fertilizer use efficiency,  and improved the soil total nitrogen (4-5%), total phosphorus 

(0.7 to 1%) organic carbon (14-16%). (RAU, Bihar) 

 

Organics for Rice Production in NEH 
 
In an evaluation of different organic nutrient inputs viz.,  Azolla caroliniana, Sesbania rostrata,  

enriched compost, Azolla compost, Azorhizobium and biofertilizers in combination with 50% 

recommended NP on organic rice production,  Azolla dual culturing was best giving 10-20% 

increase in yield followed by in situ incorporation of Sesbania rostrata. Biological parameters 

viz- phosphomonoesterase and fluorescein diacetate assay revealed similar trend in response to 

addition of organic inputs.  (AAU, Jorhat) 

 

INM Package For Rice Based Cropping System in NEH 
  
Application of Biofertilizer Enriched Compost (primed rock phosphate and biofertilizer agents 

Azospirillum & PSB @ 1t/ha could minimize the recommended nitrogenous and phosphatic 

fertilizer to 50% without any yield loss of crops grown in rice- toria and rice- wheat sequence.  

Biofertilizers with increased dose of compost @ 2t/ha , more specifically enriched compost could  

subsequently reduced recommended NP fertilizer up to 75% in subsequent year due to cumulative 

effects of INM package and gave rice  yield of 4.2 and 4.1t/ha in rice-toria and rice-wheat 

sequence respectively, compared to 4.3 and 3.8t/ha with recommended inorganic fertilizers. 

Incorporation of either enriched compost or biofertilizer agents (Azospirillum and PSB) with 



consequent reduction of mineral fertilizer exhibited greater microbial carbon, higher 

dehydrogenase, phosphomonoesterase and FDA activity in soil (AAU, Jorhat)  

 
PSB inoculation of Rice 
 
Five indigenous PSB isolates gave higher rice grain yield (~24%) over recommended dose under 

field conditions when inoculated in the presence of 10 kg P2O5 as rock phosphate and 50% P. 

Similarly microbial carbon and key soil enzymes showed greater activities under the inoculated 

treatments.  (AAU, Jorhat).  

 

BGA for coastal acid saline soil 

Bioinoculation of rice crop through soil based BGA inoculum @ 15 kg ha-1,  in a strongly acid 

soil (pH 5.1) ameliorated with lime (paper mill sludge @ 5q/ha) and supplementing deficient 

nutrient sulphur through inorganic fertilizer Navaratna (20-20-0-13) along with  other plant 

nutrients resulted in 18% increase in grain yield, 13% cent less straw, 31% less chaff with 25% 

higher harvest index compared to the grain yield of 43 q ha-1 with straw yield of  89.3 q ha-1, chaff 

0.35 q ha-1 and  harvest index  of 0.32 with farmers practice. (OUAT, Bhubaneswar) 

 

Millets-Fodder in acid soils 

In ragi-berseem cropping bioinoculation (Azotobacter + Azospirillum + PSB) alongwith 

application of FYM @ 5 t ha-1 or vermicompost @2.5 t ha-1  resulted in 19 and 25% increase in 

grain yield of  ragi; and 20 and 25% increase in green fodder yield of berseem over the control 

yield of  32.2 and 36.6 q/ha ragi grain and 215.4 and 240.6 q ha-1 berseem fodder due to 

integration with FYM and vermicompost, respectively. Liming of acid soil (pH 5.1) increased the 

efficiency of bioinoculants further, where the responses increased to the extent of 46 and 35 %  

for ragi and 50 and 43 % for berseem with FYM and VC respectively. (OUAT, Bhubaneswar) 

 
Soybean, chickpea, wheat in Vertisols 
 
Majority of PGPR and Rhizobium isolates tested, significantly enhanced the germination at 4th 

and 5th days of sowing as compared to uninoculated control . After preliminary screenings, 10 

soybean rhizobial and 13 chickpea rhizobial isolates were evaluated in field. 15 PGPR isolates 

(shortlisted from previous years evaluation) were evaluated on soybean, chickpea and wheat. Out 

of 10 soybean rhizobial isolates one strain could increase the soybean grain yield by 28%; two by 

18% and seven strains by 12% over uninoculated control with RDF.  Out of 15 PGPR isolates, 

three could increase soybean grain yield by 27%; seven by 21% and five strains by 9%  (JNKVV, 

Jabalpur). Out of 13 chickpea isolates 7 could increase the grain yield by 5%; 3 by 19%; 2 by 



30% and only 1 isolate by 39% . Total nitrogen uptake was increased by 20% due to one isolate; 

31% due to 3 isolates and 60% by 2 isolates. 

 
During preliminary screenings, on considering the grain yield response of the same PGPR isolates 

on two different crops i.e. chickpea and wheat it was observed that out of 62 isolates only 9 were 

able to increase the chickpea grain yield by 40% (E4 category) over uninoculated control while 

with wheat 29 isolates were placed in E4 category and they increased wheat grain yield by 53%. 

(JNKVV, Jabalpur) 

 
In soybean-wheat sequence at Jabalpur, wheat yields with 120:60:40 (-BF) were identical to 

90:60:40 (+BF) saving 40 kg N/ha due to Rhizobium inoculation of soybean and Azotobacter 

inoculation of wheat. (JNKVV, Jabalpur) 

 
Bacillus on Rice 
 
A new spore forming nitrogen-fixing Bacillus strain TNAU B3 isolated from rice roots performed 

better than standard biofertilizer formulation (Azophos) in field. In a consortium with Azophos on 

rice var. ADT 43, inoculation in the presence of 100% NP gave rice yield of 5432 kg ha-1 which 

was 15% higher over control. Inoculation with 75% NP gave rice yield of 5096 kg ha-1 which was 

7.5 % higher than 100% NP. (TNAU, Coimbatore)  

 
Bioinoculants for aerobic Rice 
 
Combined inoculation of AM fungi with Azophos was better than control. Rice grain yield was 

7.5 % higher in AM Fungi (colonized root bits + sand based AM inoculum) + Azophos + NP 

(75%) K(100%). Maximum infection of AM fungi and glomalin content of 0.75 mg were 

observed at flowering stage. AM inoculation had significant impact on phosphatase activity. 

Application of rhizobacterial inoculants increased the soil urease and dehydrogenase activity of 

aerobic rice which was maximum at flowering stage. (TNAU, Coimbatore) 

 
Bioinoculants for nursery seed bed of aerobic rice (SRI method of rice cultivation) were 

evaluated. In the field, application of 125 % NP and 100% K along with seed treatment of 

Azospirillum and phosphobacteria recorded maximum grain yield increase (39.5%) over 100 % 

NPK control. Likewise, application of concentrated AM fungi along with Azospirillum 

bioinoculant in seed bed of SRI nursery with 100 % NPK fertilizer recorded 20.7% increased 

grain yield over fertilizer control. (TNAU, Coimbatore) 

 
 
 



Control Inoculated  

Biofertilizers for Groundnut, Pigeonpea and Maize in Vertisols 
 
The microbial consortium of MI 2 - Rhizobium (GNB714) + PSB + PGPR with 100% RDF 

recorded highest  nodulation, available phosphorus and gave good  build up in various microbial 

groups and pod yield (1785 kg/ha) which was about 19% greater than the uninoculated crop 

grown with 100%RDF. (ANGRAU, Amaravathi). 

 
Inoculation in the presence of 100% RDF increased the Rhizobium, free diazotrophs, PSB and 

total bacterial population to the maximum extent along with highest nodulation (42 /plant) and 

available P content which was significantly higher than 100% RDF. Heavy colonization of 

arbuscular mycorrhizal fungi was found on pigeon pea roots. The treatment of 50% RDF with 

inoculum mix MI 2 (PPR701+AMT715+AM703), gave higher grain yields than 100% RDF. 

Inoculation along with 100%RDF gave maximum grain yield (2465 kg/ha) which was 28.8% 

higher over 100% RDF. (ANGRAU, Amaravathi) 

 
Maize rhizosphere in vertisols was dominated by Azospirillum.  Inoculation of Azospirillum + 

PSB  was much better than Azotobacter + PSB  in maize. Inoculation of  AZS 711 + PSB+ PFM1 

with 100% RDF gave maximum cob and seed yields of maize  which were significantly higher by 

12.2 % over 100% RDF. Soil available P was maximum (17 kg/ha) with the treatment of MI 2 

(AZS716+AMT715+PGPR712)+75%RDF.(ANGRAU, Amaravathi) 

 
Biofertilizers for Abiotic Stress 
 
Based on two-stage pot screenings, microbial strains that  

performed best on sorghum and pigeon pea under 

drought stress were identified-  Azospirillum ASP 1,  

Azotobacter AZT 21 and PSB 1.  Under field conditions, 

inoculation of Azotobacter and its combination with 

PSB was highly promising for improving straw yield 

(15-29%) yield over control yield of 12.2 Mg/ha and 

grain yield  (33-60%) over control grain yield of 16. 1 

Mg/ha (CRIDA, Hyderabad)   

  

Soybean-Safflower in Vertisols 
 
Dual inoculation of Bradyrhizobium and phosphate solubilizing bacteria (PSB) at 100% RDF 

gave highest soybean yield in soybean-safflower cropping system which was 21% more than in 

control;  and improved the oil and protein content in soybean grain. About 22-38 kg ha-1 

     Sorghum and Pigeonpea in Alfisols 



additional N was fixed in soil by Bradyrhizobium inoculation.  Soil P availability increased with 

dual inoculation as well as application of PSB alone. Inoculation of Azotobacter and PSB on 

safflower in soybean-safflower cropping system at 100% RDF significantly increased the seed 

yield by 17% over uninoculated. There was improvement in soil microbial population by 75% 

RDF with dual inoculation of biofertilizers after harvest of soybean and safflower. (MAU, 

Parbhani) 

 
Sweet Sorghum in Vertisols 
 
Application of chemical fertilizers upto 100% RDF along with dual inoculation of Azospirillum +  

Gluconacetobacter significantly increased  grain, dry matter, green stalk, total biomass and 

milliable cane yield of sweet sorghum over single inoculation and control. The increase in green 

stalk yield and grain yield was upto 18-19%. Juice quality attributes i.e. obrix, TSS, juice yield, 

juice extraction %, reducing sugar, non-reducing sugar and total sugar were also improved with 

100% RDF along with dual inoculation. Increase in juice yield was upto 6.4% (MAU, Parbhani) 

 
Bt Cotton effect on soil quality  

In investigations on the effect of transgenic cotton on yield and soil health parameters it was 

observed that Bt yielded significantly more seed cotton yield (2785 kg ha-1) over non-Bt (2495 kg 

ha-1) . The soil quality attributes study is in progress. (MAU, Parbhani) 

Groundnut in Saurashtra 

Suitable consortia of beneficial bacteria comprising of compatible strains of PGPR (Pseudomonas 

sp. C185; Pseudomonas sp. ACC3), PSM (Pseudomonas sp. ACC10 and Bacillus megaterium) 

and rhizobia (TAL1000 and NRCG22) have been identified for enhancing growth, yield and 

nutrient uptake of groundnut under low input conditions. Members of the consortia gave sizeable 

population in the rhizosphere upon inoculation. Nodule occupancy of inoculated rhizobia was 

between 50-74%. Application of combination of PSB (Pseudomonas sp. ACC10 + B. 

megaterium) and groundnut rhizobia (TAL1000 + NRCG22) improved growth and yield of 

groundnut significantly in both the seasons (rabi-summer and kharif) over uninoculated control 

(11-21%). This consortium can now be recommended for trials under AICRP(G) centres. Pod 

yield of 1750 kg were significantly higher than uninoculated control pod yield of 1450 kg/ha with 

cultivar Girnar 2. There was also improvement in shelling out-turn, nodule number and nodule 

dry weight, haulm yield, nitrogen content in kernel and plants when inoculated with consortium 

of rhizobia and rhizobia with PSM (Pseudomonas sp. ACC10 and Bacillus megaterium). While 



uptake of P was enhanced by 4-8%, N uptake was enhanced by 6-10% in different treatments, 

over uninoculated control.  (DGR, Junagarh) 

 
 
BIOFERTILIZER TECHNOLOGY  
 
Liquid Biofertilizer Formulations 
 
Liquid inoculants were formulated for biofertilizers. In case of liquid Rhizobium medium, LM3 

maintained  log 8.433 viable cells/ml even after 360 days.  In case of PSB, LM3 maintained log 

8.208 cells. In case of Azospirillum, the liquid medium, LM2 maintained log 8.643 CFU/ml even 

after 360 days. Liquid inoculants were free of contamination in the 360 days study period. A dose 

of 4-5  ml of liquid inoculum having a population of 3x109 cells per ml is enough to coat one kg 

seed and could  satisfactorily retain the maximum number of viable cells on the seeds up to 24 hrs 

of bacterization at room temperature. (ANGRAU, Amaravathi) 

 

Different media compositions were formulated to support the growth of three biofertilizer 

organisms namely Azospirillum, PSB (Bacillus) and Pseudomonas together in a single medium. 

The medium, GM3 supported maximum number of cell population of all the three organisms.   

 (ANGRAU, Amaravathi) 

 
Evaluation of Liquid Inoculants for Pigeonpea and Maize 
 
Application of liquid inoculants in alfisol to pigeonpea resulted in profuse plant growth and  

nodulation and  saving 50% N. In maize, there was an over all 15% grain yield increase by liquid 

inoculants over solid carrier based inoculants. Liquid inoculants of Azospirillum + PSB along 

with 75% RDF gave significantly higher grain yields  than 100% RDF  in Alfisol.  There was a 

grain yield increase of 450 kg/ha by liquid inoculants with 100% RDF over 100% RDF in 

Alfisols. Microbial analysis of rhizosphere soil samples showed  that liquid inoculants with 100% 

RDF gave maximum population counts in all microbial groups. (ANGRAU, Amaravathi). 

 
Field evaluation of Liquid inoculants for soybean 
 
Field trials with liquid formulations of  40 Rhizobium and 45 PGPR strains were conducted on 

soybean in vertisol field to short-list promising strains. 15 rhizobia and 15 PGPR strains gave 

52% av. increase of in grain yield. (IISS, Bhopal; JNKVV, Jabalpur) 

 
 
 
 



Delivery System for Inoculants for Groundnut 
 
To identify suitable delivery system(s) inoculation of groundnut various consortia of PGPR, PSM 

and rhizobia were applied in field either through irrigation water or seed treatment or furrow 

application through carriers like talcum powder, kaolin, FYM, soil, charcoal, etc.  Application of 

bacterial consortium in furrows through talcum powder, FYM and Charcoal were found most 

efficient and gave significant enhancement of pod yield (~15%).  (DGR, Junagadh) 

 
Biofertilizer enriched Compost 
 
Normal farm compost could be converted into a superior bio-

enriched compost by amending with 1% P as Rock Phosphate 

together with inoculating Azospirillum/Azotobacter and PSB 

broth culture @ 1% (v/w) each (108-109 cfu /ml) and 

subsequently curing about a month at 25% moisture level. The 

C:N ratio of final product stabilized at around 10.0-12.3 : 1, 

with increase of Azospirillum/Azotobacter and PSB population 

by 300- 400 times and  6  times, respectively.  (AAU, Jorhat) 

 
DIVERSIFICATION OF BIOFERTILIZERS   
�
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Water melon  

Bioinoculation (Azotobacter + Azospirillum + PSB + AM) of watermelon at 100% RDF gave 

41% increased fruit yield over uninoculated yield of 218 q ha-1. There was extra recovery of 

nutrients- 40, 12 and 40%  for N, P and K. Fruit quality in terms  of sugar, glucose, starch, 

ascorbic acid and lycopene content was improved by inoculation. The  mineral matter content of  

fruits K, Ca, P, Mg, S and Na increased significantly (32, 26, 70, 62, 100, 33% respectively) over 

their actual concentration of 22.6, 3.4, 1.4, 1.6, 0.8 and 2.7 mg g-1 in the uninoculated control. 

(OUAT, Bhubaneswar)  

Spine gourd  

Integration of bioinoculation (Azot. + Azs. + PSB) with 75 and 100 % NPK gave  increased fruit 

yield of spine gourd by 10 and 14% over the fruit yield of 30.2 and 34.2 q ha-1 and the improved 

the recovery of N by 20 and  34%, P by 31 and 52, K by 29 and 63 and S by 11 and 25% 

respectively. Such integration after soil amelioration with lime (PMS) increased  the  recoveries 

significantly ranging from 31 to  43, 48 to 58, 50 to 71 and 17 to  30 per cent, respectively. The 



economic benefit due to bioinoculants ranged from Rs.3050 to Rs. 12650 ha-1. (OUAT, 

Bhubaneswar)  

Broccoli  

Bioinoculation (Azot. + Azs. + PSB) of broccoli crop at Keonjhar, Orissa increased the curd yield 

by 18% over  control yield of 17 q ha-1. However, its integration with 75 and 100% NPK dose 

resulted in 6 and 8 % increased curd yield over yield of 116.3 q ha-1 at 100 % NPK. Application 

of FYM (basal) and vermicompost (top dressing) at half rates 5 t and 2.5 t ha-1  along with 

bioinoculation gave 8 and 15 % increase in curd yield over FYM  or VC application at full rate.  

Recovery of nutrients were higher when BI was integrated with 75 % NPK (64, 50, 79 % for N, P 

and K) compared to its integration with 100 % NPK (52, 45 and 65% for N, P and K respectively. 

(OUAT, Bhubaneswar)  

Capsicum 

Bioinoculation (Azot + Azs.+ PSB) of capsicum crop at 100 % NPK, either with FYM @ 10 t ha-

1 or with vermicompost @ 5 t ha-1 resulted in significant increase (13 %) over the  yield of 153.5 

and 162.9 q ha-1 with FYM or VC plus 100% NPK. Bioinoculation benefits amounted to ~ Rs.10, 

400 -10,650  ha-1. (OUAT, Bhubaneswar)  

Sweet potato  

Bioinoculation (Azotobacter + Azospirillum + PSB) of sweet potato alongwith 75 % RDF  

improved tuber yield by 8 % (202 q ha-1) over 100% RDF (188 q ha-1).  Recovery of nutrients 

was also higher (56, 37 and 66% NPK) compared to 36, 16 and 42% at RDF. Among the organic 

sources (FYM, PM and VC), VC was superior source for integration. (OUAT, Bhubaneswar). 
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Biofertilizer and Biocontrol agent  for Apple  

 
A single strain multi-functional PGPR- Bacillus licheniformis CKA1, increased the plant biomass 

of one year old grafted apple plants by 7-32%. Complete control of white root rot disease caused 

by Dematophora necatrix was achieved by application of B.licheniformis CKA1 even fifteen 

days after fungal challenge. One year after application of the PGPR liquid formulation on 10 year 

old white root rot infected apple trees (varieties Red Chief and Top Red) in orchard, there was 

significant improvement in plant health and vigour. Soil application of liquid formulation 

increased the apple fruit yield by 35-45 % over RDF during two years of field experimentation at 

Rohru in Himachal. (YSPUHT, Solan) 

Bacillus Biofertilizer for Sweet cherry  



A highly efficient P-solubilizing Bacillus sp. VS9 isolated from roots of cherry plants and capable 

of solubilizing  phosphorus, producing IAA and siderophores and inhibiting Pythium 

aphanidermatum,  Rhizoctonia solani and Fusarium oxysporum under in vitro conditions was 

identified for temperate hill soils. The biofertilizer could significantly increase shoot and root 

biomass of sweet cherry (Prunus avium) by 60-89% and nutrient uptake- nitrogen (45%), 

phosphorus (32%) and potassium (52%) over uninoculated control. (YSPUHT, Solan) 

 

 
 
 
 
 
 
 
 
 
 

PGPR effect on growth apple and cherry  
 

 
 
Peas, Capsicum, Tomato 
 
Rhizobium leguminosarum CK1 (RLCK1) with good P-solubilization 

ability, IAA and siderophore production was field tested for three 

years at eight locations.  Seed treatment along with 60% N increased 

green pod yield by average of 21% over RDF and 34% over farmers 

practices. This saved    40 % (10 Kg N/ha) nitrogen and gave 

additional income of 3060 ha-1 to farmers. The recommendations  of 

this technology were accepted for inclusion in state package and 

practices (YSPUHT, Solan) 

 
Seed bacterization of Capsicum with Bacillus sp.PM9 having multiple plant growth promoting 

activities increased root and shoot biomass (120% and 242%), fruit yield (173%) under net house 

conditions over uninoculated control. A pool of 27 P-solubilizing PGPR  with potential biocontrol 

activity against soil borne fungal pathogens of tomato have been characterized for selection of 

model PGPR strain for increasing growth and yield of tomato. (YSPUHT, Solan) 
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Floriculture 
 
Liquid formulation of PGPR increased the height of 

Chrysanthemum by 107- 118 %, plant biomass by 575- 603 %, 

reduced the days to flowering by 20 to 33  days and increased the 

vase life by 10 to 12 days over uninoculated control (YSPUHT, 

Solan).  
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Azolla Production  
 
Highest Azolla biomass production was recorded during November to February both under semi 

and permanent structures (10-15 fold increase). During 

May-Sept the biomass production was 8-10 fold. The 

variation was due to increase in temperature that 

reached more than 380C in the month of July. 

Comparing the two structures, the semi-permanent had 

slight edge over permanent structure in maintaining 

better growth. (AAU, Jorhat) 

 

Azolla dual culturing in Rice 
 
There was 7% increase in rice yield (4.2t/ha) due to Azolla dual culture with 50% of mineral 

fertilizer   (N and P) over that obtained with recommended dose (3.9 t/ha). There was clear 

improvement in microbial biomass carbon, organic carbon, dehydrogenase and FDA activity in 

soil. (AAU, Jorhat) 

 
Bacterial Biofertilizers   
 
In cereals and oilseeds, PSB inoculation gave 10-20% increased yield and Azotobacter and 

Azospirillum gave 10-20% yield increase and saved 50% N fertilizer. Rhizobium inoculation in 

pulses gave 10-30 % yield increase with saving of 50 % RDF. (AAU, Jorhat) 
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Soybean 

TRANSFER OF TECHNOLOGY 
 
Biofertilizer Production and Demonstrations in Madhya Pradesh  
 
Soybean rhizobial and PGPR strains-Bradyrhizobium  japonicum ISR-33 and PGPR-Bacillus 

megaterium  ISP-3  were supplied for  mass production  

 to JNKVV   Biofertilizer  production   centre,  

Jabalpur.   During  2009-11,  6, 06, 676   inoculant   

packets  were  prepared with the strains and supplied all 

over Madhya Pradesh.  These inoculants  packets  were 

also used  in  1000  demonstrations  in  farmer  fields  

in  a   TATA-ICRISAT livelihoods project in various 

districts of M.P; and 100 demonstrations conducted by IISS, Bhopal. Detailed observations in 

five farmer fields in Raisen District showed that soybean seed yield increased with INM option 

with biofertilizers by 18% over balanced fertilization and  54% over farmers practice. (IISS, 

Bhopal). 

 
Biofertilizer Demonstrations in `Haveli’ lands of Madhya Pradesh 
 

In  demonstration  in  farmers’  fields  in  `Havelis’  for rabi  pulses  

(lentil,   pea,  chickpea)  indigenous  isolates  increased the average  

seed  yield  of  pulses  by  33% while JNKVV  standard  inoculant  

increased  it by  44% vis-à-vis farmers practice (without inoculation  

of Rhizobium, Azotobacter and PSB). (JNKVV, Jabalpur)    

 
 

Biofertilizers in Tribal areas of Madhya Pradesh 

Field demonstrations were carried out in the tribal areas of Seoni district on Soybean, Maize, 

Kodo and Niger crops. During 2007-08, yield increase due to biofertilizer (Azotobacter, 

Azospirillum and PSB) application was 27%, 52, 23 and 29 % respectively for these crops. 

During 2008-09 the efficacy of a bio-nutrient package consisting of 50% NPK (Urea, SSP, 

MOP), FYM 5 t/ha and biofertilizers was demonstrated on  soybean, maize, kodo, kutki and niger 

in farmer’s fields in  Dt. Seoni in M.P. and compared with Farmers practice (FP- 50%  NP 

through DAP). The yield increase was 17, 25, 40, 20 and 18%  in soybean, maize, kodo, kutki 

and niger. The absolute increment for the crops (kg/ha) was 240, 550, 175, 50 and 80 kg/ha 

respectively. During 2009-10 integration of biofertilizers with recommended doses of NPK 

Chickpea 



increased the grain yields of soybean, maize,  kutki and niger 25, 32, 40 and 25% respectively as 

compared to farmer’s practice (imbalanced nutrition) (JNKVV, Jabalpur) 

 
 
Front Line Demonstrations in Maharashtra  
 
In the frontline demonstrations (FLD’s) carried out in three types of soils (Vertisol, Inceptisol, 

Entisol) of five districts of Marathwada, the increase in soybean yield was noted ranging from 16 

to 43% (av. 33%) depending on soil type and management levels. (MAU, Parbhani) 

 
Front Line Demonstrations in Tamilnadu 

FLDs conducted on farmers fields showed 13-31 %  yield increase  due to rhizobial inoculation in 

groundnut and 13 % increase in rice due to Azophos application. Four field days were conducted 

to demonstrate and to create awareness about biofertilizers usage for groundnut and pulses. 

(TNAU, Coimbatore) 

Research and Demonstrations on Azolla in NEH 
 
Technology generated for round the year homestead cultivation of Azolla caroliniana was 

extended to villages around Jorhat. Azolla is grown in polythene lined pits round the year; it 

multiplies in 15-20 days. For continuous harvest of Azolla 10-15 no. of above pits are required. 

Maximum cost of each pit is approx Rs. 80-90 and can be used for 2 years. After 3-4 weeks of 

growth and formation of mat, Azolla is incorporated in soil. Again after 7-8 weeks, the Azolla 

covers the field and requires a second incorporation. 2-3 tonnes of Azolla can be supplied in each 

bigha of rice field with a supplementation of 4-8 kg N per crop per season (20-40 kg N/ha). 

(AAU, Jorhat) 

 
Bionutrient package demonstrations in Bihar  
 
Evaluation of the package (enriched mycostraw - spent residue or semi decomposed straw + 

Pseudomonas spp  alongwith  Azospirillum sps. and cyanobacteria) in farmers fields in  

Samastipur, Muzaffarpur and Vaishali districts showed increased yields of rice in resource rich 

farmers to the tune of 4-20% and resource poor farmers by 25-35%. Varietal difference had no 

impact on deriving benefit from bionutrient package as twelve different varieties were used by 

different farmers. Application of Azospirillum and PGPR in six farmers fields in rabi maize 

augmented the yield by 12-15 percent. (RAU, Bihar) 

 
 
 
 



 
 
 
Biofertilizers in Tribal areas of Orissa  

Biofertilizers for vegetables were convincingly demonstrated in tribal areas of Orissa. 

Demonstrations were carried out in Kandhamal and Kalahandi  districts on Rhizobium inoculation 

of pulse crops along with acid soils amelioration with paper mill sludge (PMS @ 5q/ha) and soil 

test based nutrient application. There was 75, 63 and 74% increase over farmers yield of 37.1q/ha 

of cowpea pods; 4.5 q/ha of green gram and 4.2 q ha-1 of black gram grain respectively. 

Bioinoculation of potato, ginger and turmeric crops with Azotobacter, Azospirillum and PSB 

integrated with soil test fertilizer dose showed 22, 24 and 21% yield increase. (OUAT, 

Bhubaneswar) 

 
 
Impact Analysis of Biofertilizers in North-East  
 
Impact analysis of biofertilizers as components of INM was studied in different KVK’s of Assam. 

Yield of sali rice enhanced to 4.0-5.0 t/ha due to inoculation of Azospirillum and PSB at 50 % NP 

fertilizer against farmers practice yield of 2.5-2.8t/ha with B:C ratio of 1.6-4.0.  In boro rice 6.5 

t/ha yield was achieved with inoculation at 50 % of N&P fertilizer against 5.9 t/ha with farmers 

practice giving  B:C ratio of 1.7. Azotobacter and PSB increased toria yield by 26 % with average 

yield of 1.6t/ha against 1.3t/ha under farmers practice with B:C ratio ranging from 1.4-2.2. 

Azospirillum and PSB as seed treatment enhanced fibre yield of Jute by 20.4% with B:C ratio of 

1.9. (AAU, Jorhat) 

 
Production and supply of Biofertilizers  
 
During the period 2007-11, biofertilizer packets- 244.17, 160.75, 492.81 (‘000 pkts) of 

Rhizobium, Azotobacter/Azospirillum and PSB respectively were produced and supplied to 

farmers amounting to 89.8 lakhs. (JNKVV, Jabalpur) 

 
Using the bacterial strains of the project, the ARS, Amaravathi produced and supplied 234.0 

tonnes of Biofertilizers (Azospirillum 53.8,  PSB 135.0 and Rhizobium 45.8 tonnes) during 2007-

11 to the farmers of Andhra Pradesh valued at  81.9  lakhs. (ANGRAU, Amaravathi) 

 

During 2007-11, Biofertilizer production using the strains, Mesorhizobium ciceri ca-181,  

Bradyrhizobium sp. vigna  S-24, Pseudomonas sp. (PSB) N-3, Azospirillum lipoferum J-11, 

amounted to 2,54,232 packest/vials and total sales of  Rs. 25.4 lakhs. (HAU, Hisar) 



 

Biofertilizer sale in Maharashtra increased from Rs.70,000/- (2003-04) to Rs. 4.75 lakhs during 

2007-08,  Rs.3.75 lakhs during 2008-09, Rs. 3.15 lakhs during 2009-10 and Rs.5.0 lakhs during 

2010-11 showing increased awareness and the impact created. During 2007-11 the sale amounted 

to   Rs. 16.7 lakhs.  (MAU, Parbhani) 

 

During 2007-11, Biofertilizer production at Coimbatore of Azospirillum, Phosphobacteria, 

Rhizobium and Azophos amounted to 15.0 tonnes and liquid biofertilizers of 160 litres and 

amounted to a total sale of 6.5 lakhs. 

 

Thus during 2007-11,  the 5 centres of the project sold  Biofertilizers totaling a value of Rs. 220.3 

lakhs. During 2007-11, the ICAR grant released for the project amounted to Rs. 492 lakhs. Thus 

45% of the project cost was realized by product sales.   
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The group meeting of the All India Network Project on Biofertilizers was held during 

September 11-13, 2008 at the Y.S. Parmar University of Horticulture and Technology. The 

recommendations of the meeting are as follows: 

�
1. Continue the work on microbial diversity with greater vigour  and special attention be 

paid to rain-fed drylands, desert ecosystems, lands prone to periodic flooding and 

submergence, acid soils of east India and NEH region.  

2. The work on genetic diversity of soybean rhizobia should be extended to other legume 

rhizobia viz., groundnut, blackgram, green gram, pigeonpea and chickpea.  

3. Study the microbial diversity and soil health connection by assessment of the functioning 

of the genes involved in nitrogen transformations in soils.   

4. Work on formulation and testing of mixed biofertilizers should be continued in IPNS 

mode and attention be paid to sugarcane, maize and other high nutrient removing crops. 

5. The liquid inoculant formulations developed should be tested at other centers particularly 

under stress situations and also improved delivery systems may be devised and tested. 

6. The diversification of biofertilizer researches be continued with attention to medicinal 

and aromatic plants, floriculture, forest tree species.   

7. The demonstration on biofertilizers be continued with emphasis on transfer of the new 

technology developed during last five years like co-cultured formulations, new carrier 



based biofertilizers (incorporated with additives to improve shelf life), liquid 

biofertilizers, etc. Demonstrations of biofertilizers in tribal areas should be continued. 

8. The work on impact analysis of biofertilizers done for soybean in central India, should be 

done at country level by developing linkages with user agencies, developmental agencies, 

line-departments, economists and policy makers. 
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A follow up meeting was held to finalize the technical programme for two sub-programmes of the 

All India Network Project on Soil Biodiversity-Biofertilizers, namely, `Genetic Diversity of 

Rhizobia in Indian Soils’ and `Soil Genomics for Soil Health Assessment” at CRIDA, Hyderabad 

on July 25-26, 2009.  All the PI’s of the concerned centers participated to finalize the 

experimental details.  
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Research Articles  
NAAS rated Journals: 32 
Others:                          32 
 
Popular articles:            29 
Media Publications:      14 
Presentations:               83 
Reports/ Bulletins:       32 
 
Pamphlets/ Brochures  13 
Book chapters: 20 
 
Total : 255 
 
 

 


